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1. Introduction

A central endeavor in the field of spoken language is
the understanding the factors that predict how well
individuals learning a second language (L2) can per-
ceive and comprehend that language. A great deal of
research in L2 acquisition has examined this question at
the level of phoneme perception. A very consistent
finding in this literature is that L2 phoneme perception
is affected principally by two factors. The first of these
is the age at which the L2 is acquired, with early acqui-
sition favoring native-like phoneme perception (Flege
and Liu 2001, Yamada 1995).

The second is that phoneme perception is affected by
the degree of mismatch between the phonemic system
of the first and second language. L2 phonemes that can
be assimilated to a single phonemic category in the L2
listener’s L1 present the greatest discrimination diffi-
culty; consequently, adult L2 learners are often not
sensitive to all of the relevant contrasts in the L2. One
straightforward case is the difference between the
Spanish and English vowel systems. Spanish has a five-

vowel system, /i/, /e/, /a/, /o/, W/, while the system of
English is much larger. Spanish listeners generally
perceive English /i/ and /1/ as instances of Spanish /i/
(Best 1995). This is not surprising, given that the Eng-
lish phonemes’ formant frequencies cover the same
space for the single /i/ category in Spanish. Numerous
other examples of this can be found: English listeners
perceive Mandarin /¢/; and /s/ as instances of English
/§/ (Li 2008). Similarly, word-initial /p/, /t/, and /k/ are
produced with more aspiration in English than Italian,
and word-final stops are less likely to be released in
English than in Italian. [talian-speaking L2 speakers of
English have difficulty differentiating among places of
articulation when listening to English word-initial and
word-final /p/, /t/, and /k/ (MacKay, Meador, and Flege
2001). Even the perception of bilinguals whose
language performance is relatively equivalent in
normal tasks perceived phonemes differently in more-
challenging tasks. In those tasks, phoneme perception
is affected by a dominant-language phonemic system.
A gating experiment (in which words are presented
with acoustic information removed) has shown that
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Spanish-dominant ‘balanced’ Spanish-Catalan bilin-
guals require more phonetic information to identify
phonemes that exist in Catalan but not in Spanish than
Catalan-dominant bilinguals do. (Sebastian-Galles and
Soto-Faraco 1999).

The focus of the current investigation is on percep-
tion of spoken words, rather than phonemes per se. This
investigation is motivated by previous studies with
English L1 listeners that have found that lexical proper-
ties such as word frequency, word familiarity and pho-
nological neighborhood density affect spoken word
recognition. More frequent words and more familiar
words are recognized quickly and accurately than less
frequent and familiar words. Phonological neighbor-
hood density is a measure of the similarity of the pho-
nological words stored in the lexicon (e.g., Luce and
Pisoni 1998, Vitevitch and Luce 1999). Phonological
neighborhood density is conventionally calculated by
counting the number of phonologically similar words
within the range of one-phoneme edit distance (i.e., real
words that can be made by inserting, substituting or
deletion a single phoneme from a target word). There-
fore, example neighbors for the word cat are the words,
scat, sat and at, among others. There are created by
phonological operations of insertion, substitution and
deletion, respectively. Previous studies have shown that
words with few phonological neighbors (i.e., those
from a sparse neighborhood) are recognized more
quickly and accurately than words with many neigh-
bors (i.e., those from a dense neighborhood). Research
on L1 acquisition has shown that neighborhood density
effects on language behavior change over development.
Storkel (2002) showed that children’s representations
for words in dense neighborhoods were more segmen-
tal than those in sparse neighborhoods. Munson,
Swenson, and Manthei (2005) showed that the effect
of phonological neighborhood density on response
latencies in a real-word repetition task was not present
in younger children (whose average age was 4 years)
but was present in older children (whose average age
was 7 years). These findings and others are consistent
with Metsala and Walley’s (1998) claim that vocabu-
lary growth changes the nature of phonological repre-
sentations, such that the initially relatively holistic
representations become more segmentally structured.

Bradlow and Pisoni (1999) investigated whether
word frequency and phonological neighborhood den-
sity affect word recognition in L2 listeners who spoke a
variety of first languages. They presented English
words in noise to native and non-native listeners and
asked them to write what they heard. The word accu-
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racy data revealed that there was a bigger discrepancy
in recognition accuracy between easy English words
(i.e., those with high frequency of use and low neigh-
borhood density) and difficult English words (those
with low frequency and high neighborhood density) by
L2 listeners when compared with L1 listeners, such that
the L2 listeners were disproportionately poorer than L1
listeners on ‘hard’ words. This suggests that suggesting
that non-native listeners experience a particular chal-
lenge in using fine phonetic information to identify
sounds in challenging-to-perceive words.

Further evidence for a relationship between phoneme
perception and spoken-word recognition is presented
by Meador, Flege, and MacKay (2000). These investi-
gators presented ‘low-predictability English sentences
in the presence of background noise to early and late
Italian-English bilinguals and measured repetition
accuracy. The results showed that perception of English
vowels consonants predicted a significant proportion of
variance in word recognition, beyond what was
accounted for by other factors known to affect word-
recognition accuracy, such as length of exposure to
English. This finding suggests that phoneme perception
in L2 also plays a key role in L2 spoken word recogni-
tion. This study shows a close relationship between 1.2
learners’ segmental perception and word recognition.

Imai, Walley and Flege (2005) conducted a series of
experiments to reveal the effects of lexical properties in
L2 spoken-word recognition. Imai et al.’s study was an
extension of Bradlow and Pisoni (1999). As mentioned
above, Bradlow and Pisoni tested native and non-native
listeners, but the language background of the non-native
listeners was not well controlled. Listeners’ first lan-
guages were typologically diverse, including Korean,
Mandarin, Russian, Japanese, and Spanish. Given the
great variation in these languages’ phonological and
lexical characteristics, there may have been critical pat-
terns of L1 interference that were missed.

Imai and colleagues investigated Spanish L1 listen-
ers’ word recognition in English, their second language.
Specifically, they tested high- and low-proficiency L1
Spanish/L.2 English listeners’ perception of easy and
hard English words in noise. The stimulus words varied
orthogonally in their word frequency and phonological
neighborhood density. The stimuli were produced either
with Spanish-accented English produced by a native
Spanish speaker or with natural English produced by a
native English speaker. The three groups of listeners
participated, those of whom were high-proficiency L1
Spanish/L2 English listeners, those of who were low-
proficiency L1 Spanish/L2 English listeners, those of
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whom were native English listeners. Both Spanish-
accented and natural English words were presented to
the three groups of listeners and they were asked to
write down what they heard. Spanish-accented stimuli
were included under the assumption that less-proficient
L1 listeners would recognize these productions more
accurately than native-accented ones, as they match
more closely the productions that the talkers make
themselves.

The results showed that low-proficiency L1 Spanish/
L2 English listeners were equally accurate in their rec-
ognition of Spanish-accented and naturally-produced
English words. High-proficiency L1 Spanish/L2 Eng-
lish listeners and native listeners were less accurate for
the Spanish-accented words; however, both groups of
the L1 Spanish/LL.2 English listeners showed a smaller
discrepancy than the native English listeners. All three
groups were less accurate in recognizing difficult words
(those with low frequency of use and high neighbor-
hood density) than easy ones (those with high frequency
of use and low neighborhood density). A reanalysis of
the data revealed that word familiarity was a better pre-
dictor of performance differences across words than
was word frequency.

The Imai et al.’s study provided three interesting
findings. The first finding is that this study confirmed
the claim by Bradlow and Pisoni: lexical properties
(word frequency and phonological neighborhood
density) affect word recognition not only in a native
language but also in a second language.

The second finding is that word familiarity served as
a better lexical factor than word frequency. The word
frequency information Imai et al. used was based on
texts. Recent studies have shown that word familiarity
affects more on word recognition than word familiarity
(e.g., Sekiguchi 2006 and among others). This study
also further provided a supporting evidence for the
effect of word familiarity.

The last finding is that L2 proficiency is highly
related to the development of L2 lexical representa-
tions. The results seem to suggest that English language
proficiency of Spanish listeners is a key to determine
whether a Spanish-accented English representation or a
more native-like English representation is used by
non-native speakers. In L1, over learning, holistic
representations change to more detailed segmentally
better-specified representations (Charles-Luce and Luce
1990). We would expect that a similar transition
would be developed in L2. With greater L2 exposure
and additional word learning, L2 learners’ lexical
representations may also become more fine-grained or

fully specified vis-a-vis their new language. As Flege,
Munro, and MacKay (1995) have reported, good L2
pronunciation corresponds to more native-like L2
lexical representation, English lexical representations
of high-proficient L1 Spanish/L2 English listeners were
flexible enough to accommodate both Spanish-accented
and native-like pronunciations.

The Imai et al.’s study is one of a few studies who
have investigated how lexical properties of words
stored in the lexicon affect non-native word recognition
processes. In the conjunction to the results of previous
L2 phoneme perception studies, L2 word recognition is
affected by both sublexical and lexical information. In
order words, phoneme perception at the prelexical level
and lexical properties of words such as phonological
neighborhood, word frequency and word familiarity at
the lexical level are all important in the course of word
recognition in L2. However, there still remain unsolved
research questions on L2 word recognition.

The purpose of this paper is twofold. The first
research question is related to the lexical-level pro-
cesses of L2 word recognition. We will investigate
whether Imai et al. (2005)’s findings can be extended to
a second case of L2 acquisition, that of Japanese L1
speakers’ acquisition of English as an L2. More specifi-
cally, the effects of neighborhood density, word fre-
quency, and/or word familiarity will be tested. The
effects of lexical properties such as neighborhood
density and word frequency are attested not only in
English, but also in other language such as in Japanese
(Yoneyama 2002). It is also notable that there is
evidence that the influence of neighborhood density
on word-recognition and word production in the L1
studied by Imai et al., Spanish, is different from that in
English (Vitevitch and Rodriguez 2005, Vitevitch and
Stamer 2006). Therefore, it is also possible for L1
Japanese/L.2 English listeners to employ lexical infor-
mation while they listen to English.

The second research question is related to the pre-
lexical level processes of L2 word recognition. We will
investigate whether apparent effects of phonological
neighborhood density can be attributed to the phonetic
content of the stimuli rather than to lexical characteris-
tics. The lists of words in Imai et al. were not balanced
phonetically. As shown in the previous 1.2 perception
studies, accurate phoneme perception plays an impor-
tant role in L2 word recognition. Therefore, there might
be a possibility that apparent effects of lexical difficulty
can be attributed to difficulties perceiving specific
phonemes.

In order to answer two questions, we try to replicate
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Imai et al. Though we will argue that Imai et al.’s meth-
odology is not perfectly suited to the specific questions
that we have about Japanese L2 learners of English
given the non-random distribution of sounds across dif-
ferent levels of frequency and neighborhood density,
we feel that it’s important to investigate whether we can
replicate their findings using a typologically different
L1. Therefore, we try to conduct our experiment as
similar as possible to the one in Imai et al. (2005).

2. Methods

2.1 Subjects

Sixty-nine individuals participated in this study. All
participants were aged between 19 and 50 with no hear-
ing difficulties. There were three groups of participants:
Minnesota English, Minnesota Japanese, and Tokyo
Japanese. The Minnesota English participants were 22
speakers of English living in twin cities, MN and were
undergraduate students, graduate students, and staff at
University of Minnesota. The Minnesota Japanese
participants were 24 native speakers of Japanese with
high proficiency in English living in twin cities, MN
and were mainly graduate students, postdoctoral
fellows, staff and faculty members at University of
Minnesota. The Tokyo Japanese participants were 23
native speakers of Japanese living in Tokyo or Saitama
and were undergraduates at Daito Bunka University
who had no experience living in the English speaking
countries more than three months. Their English profi-
ciency was low-intermediate (all but one students,
TOEFL <475 at the time of study participation).

2.2 Stimuli

Stimuli in the word-recognition task were produc-
tions of the same word list that Imai et al. used. The
summary of the stimuli is given in Table 1. For the
complete word list, see Imai et al. (2005). The stimulus

Table 1 A summary of the stimulus words

HFHD HFLD LFHD LFLD
Example “bed” “bring” “bell” “boss”
WF 195.5 177.8 18 224
ND 23.5 10 23.8 10.4

Note: WF: average word frequency; ND: average neighbor-
hood density; HFHD: high-frequency high-density words;
HFLD: high-frequency low-density words; LFHD: low-
frequency high-density words; LFLD: low-frequency low-
density words

words were orthogonally manipulated with word
frequency and phonological neighborhood density and
fall into four word categories: high-frequency high-
density words (HFHD), high-frequency low-density
words (HFLD), low-frequency high-density words
(LFHD), and low-frequency low-density words
(LFLD). It is noteworthy to point out that the distribu-
tion of phonemes was not random across different
frequencies and densities. Chi-squared contingency
tests showed the distribution of onset consonants to
differ marginally between high- and low-density words
(X% \4-20=30-367, p=0.064). Vowel nuclei differed
significantly between high- and low-density words
(Xz[ s-20=28.2602, p=0.029). The distribution of codas
differed significantly as a function of both density
o a20=34.785, p=0.021) and, marginally word
frequency (X4, =29-571, p=0.077). We return to this
topic in the analysis section.

These words were spoken by two talkers. The first
was a native speaker of English who was born in
Michigan, had lived in Minnesota most of her adult life,
and whose speech exemplifies some of the regional
features unique to the North-Central US dialect region,
particularly a very back-rounded /u/ and /ou/. The other
was a native speaker of Japanese who teaches English
insecondary school in Fukushima. Words were recorded
with a high-quality microphone and were digitized at a
44.1kHz sampling rate with 16-bit quantization. Previ-
ous research has shown that word frequency and neigh-
borhood density affect word duration (Munson and
Solomon 2004, Gahl 2008, Yao 2010), we normalized
the duration of the stimuli so that they were all 740ms
long. This was done using the PSOLA algorithm in
Praat (Boersma 2001). These were mixed with broad-
band noise at a +10dB signal-to-noise ratio. Stimuli for
the word-familiarity task were printed versions of the
80 words used in the word-recognition experiment,
along with 10 nonword fillers.

2.3 Procedures

The word-recognition task was administered using
the E-Prime experiment management software. Stimuli
were played at a level of approximately 65dB SPL,
through high-quality headphones. On each trial, a sin-
gle word was played. There was a 100ms lag between
the onset of the noise and the onset of the stimulus to
allow listeners to become acclimated to the noise. The
listeners then spoke their responses, immediately after
which they typed their response in the response box.
The purpose of eliciting these two responses was so
that we could measure both response time (from the
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spoken response) and response accuracy (from the
typed response). We did not want to use a spoken
response alone out of concern that some of the Tokyo
Japanese speakers’ speech would be so heavily accented
that it would be difficult to discern their target produc-
tions. Each listener heard each word only once. For
each frequency/density combination, half of the words
were produced by the native Japanese speaker, and half
were produced by the native English speaker. Across
the experiment, approximately equal numbers of par-
ticipants heard each word spoken by the two talkers.
The order of the stimuli was fully randomized, and each
listener received a different unique randomization.

The familiarity task was similar to that in Imai et al.,
with ratings provided on a seven-point scale. Ours dif-
fered only in that the scale was inverted, such that 7
indicated that the word was heard often, and 1 that it
was rarely heard. Following the familiarity task, the
participants completed a sentence-production task, the
results of which are not analyzed in this paper.

2.4 Analysis

The first analysis examines word-recognition accu-
racy. These were based on the written responses that
participants gave. However, a subset of each partici-
pant’s productions were transcribed orthographically
and compared to the written responses. There was per-
fect agreement between these two; hence, written
responses are analyzed here. Permissible misspellings
of words (i.e., cheeze for cheese, kart for cart) were
counted as acceptable responses. These were converted
to a phonemic transcription, using the Carnegie-Mellon
Pronouncing Dictionary. Two scores were calculated
for each word. The first was a simple binary judgment
of whether the person correctly reported the word. The
percentage of words that people correctly recognized
was calculated separately for each frequency/density
combination produced by the native Japanese and
native English speaker.

The second score on the percentage of phonemes in
the target word that the person correctly reported. For
this analysis, vowel-/r/ combinations were treated as a
single diphthongal vowel. Unlike the analysis of per-
centage of words correct, participants could achieve
100% accuracy if they reported all of the phonemes in
the word as well as additional sounds (i.e., reporting
cart for target car would earn 100% in this analysis, but
would be scored as 0 in the word-recognition score).

Individuals’ average familiarity ratings for the writ-
ten words were tallied separately for each frequency/
density combination, and for the nonword foils.

3. Results

In this section, the results of three different analyses
will be reported. The first part will deal with the results
of the word-based analyses, followed by the part deal-
ing with the results of the phoneme-based analyses. The
final part will discuss the results of the analyses on our
participants’ word familiarity on the stimulus words.

3.1 Word recognition accuracy

The first analysis examined the relationship between
lexical variables (word frequency and phonological
neighborhood) and word-recognition accuracy. As in
Imai et al. (2005), listeners’ percent phonemes correct
was submitted to a four-factor mixed-model ANOVA,
with talker, frequency and density as the within-
subjects factors, and group as the between-subjects
factor. Significant effects of density (F[1,66}=60.25,
p<0.001, nzpamm:O.47), talker (F[1,66]=6.73, p<0.001,
nzpamal=0.79), and group (F[2,66]=93.34, p<0.001,
n2pa 4a=0-73) were observed. In addition, there were
significant two-way interactions between frequency
and group (F[1,66]=3.77, p=0.028, n2P =0.10),

artial

between talker and group (F[2,66]=32.45, p<0.001,

nzpania|=0.49), between density and frequency
(F1,66]=22.50, p<0.001, nzpani31=0.254), and between
density and talker (£#1,66]=8.05, p=0.006,n* _ =0.10).

partial

Further, there was also a three-way interaction between
frequency, density and talker (F[1,66]=9.69, p=0.003,
M i =0-12). As shown in Fig. 1 and 2, for all partici-
pants, low density words were recognized more accu-
rately than high density words. Words spoken by the
English native speaker were recognized more accu-
rately than the ones spoken by the Japanese native
speaker. The Minneapolis English and the Minnesota
Japanese equally recognized words accurately, but
recognized words significantly more accurately than
the Tokyo Japanese did. A large effect of frequency and
a smaller effect of talker were observed for the Tokyo
Japanese. A smaller effect of density was observed for
low frequency words. The low frequency high density
words were recognized less accurately when spoken by
the native Japanese speaker than we would predict
given the accuracy of low frequency high density
words.

The words correct analysis clearly indicates that the
word accuracy patterns were highly affected by the
speakers who recorded the stimuli. Words for which the
English native speaker was more than 10% less intelli-
gible (averaged over all three groups of listeners) than
the Japanese speaker were soup, noon, date, face, lake,
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English-L1 Speaker

I English-US
Japanese-US
B Japanese-Japan

100

Percent Words Correct

High/Low High/High Low/Low Low/High

Frequency/Density

Fig. 1 Percent of words produced by the native English
speaker that were correctly identified, separated by lis-
tener group.

save, job, list, duck. Words for which the English native
speaker was more than 50% more intelligible (average
over all three groups of listeners) than the Japanese
native speaker were smell, teach, cute, match, mouth,
note, corn, cart, part, cheese, boss, fall, fast, five, lost,
park. We further calculated average word-recognition
accuracy of individual words produced by the English
native speaker and the Japanese native speaker by the
Minnesota English and the Tokyo Japanese listeners.
We would expect that word accuracy data can be
explained by lexical factors, such as the neighborhood
density and word frequency. Words from sparse neigh-
borhoods would be recognized more accurately than
words from dense neighborhoods. However, there is no
systematic relationship between the lexical variables
and word-recognition accuracy for either of the talkers.

3.2 Phoneme recognition accuracy

In the word-accuracy analysis, even if listeners mis-
perceive only one phone, it is considered as a word mis-
perception as a whole. There might be possibility that
listeners’ partial word-word recognition accuracy could
provide an evidence to support a neighborhood density
effect. In order to examine this possibility, the phones

English-L2 Speaker

B English-US
271 Japanese-US
W Japanese-Japan

100

90 +

80 -

Percent Words Correct

High/Low High/High Low/Low Low/High

Frequency/Density

Fig. 2 Percent of words produced by the native Japa-
nese speaker that were correctly identified, separated by
listener group.

correct analysis was first conducted.

Listeners’ percent phonemes correct was submitted
to a four-factor mixed-model ANOVA, with talker, fre-
quency and density as the within-subjects factors, and
group as the between-subjects factor. Significant effects
of density (F[1,66]=20.20, p<0.001, nzpania|=0.23),
talker (£1,66]=178.01, p<0.001, n2pama|=0.73), and
group (F[2,66]=372.71, p<0.001, nzpanial=0.99) were
observed. In addition, there were significant two-
way interactions between frequency and talker
(F11,661=6.79, p=0.011, nzpa 1, =0-03), between talker
and group (F[2,66]=17.491, p<0.001, n’ . =0.35),
and between density and frequency (F]1,66}=24.42,
p<0.001, n° . =0.27). Further, there is also a three-
way interaction between frequency, density and talker
(F[1,66]=19.47, p<0.001, . =0.22).

The similar patterns observed in the correct words
analysis were also attested in this analysis. As shown
in Fig. 3 and 4, for all participants, low density words
were recognized more accurately than high density
words. Words spoken by the English native speaker
were recognized more accurately than the ones spoken
by the Japanese native speaker. The Minneapolis
English and the Minneapolis Japanese equally
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English-L.1 Speaker

B English-US
[ Japanese-US
EEEE Japanese-Japan

100 +

Percent Phonemes Correct

High/Low High/High Low/Low Low/High

Frequency/Density

Fig. 3 Percent of phonemes in words produced by the
native English speaker that were correctly identified,
separated by listener group.

recognized words accurately, and both recognized
words more accurately than the Tokyo Japanese did. A
large effect of frequency and a smaller effect of talker
were observed for the Tokyo Japanese. A smaller effect
of density was observed for low frequency words. The
phones in the low frequency high density words were
recognized less accurately when spoken by the native
Japanese speaker than we would predict given the accu-
racy of phones in the low frequency high density
words.

An interesting outcome was revealed by the pho-
nemes correct analysis. The Japanese native speaker’s
productions of low-frequency, high-density English
words were perceived more accurately than we would
predict given the overall low intelligibility of this
speaker. Since phoneme perception is also important in
L2 word recognition, we decided to examine this find-
ing further by examining the listeners’ perceptual con-
fusions for phonemes produced by the two talkers. This
was done by tallying confusion matrixes for vowels and
onset consonants, aggregated across the listeners, to
determine which phones were accurately or inaccu-
rately perceived by the participants. Here, we only con-
sider the data of the Minnesota English listeners and the

English-L2 Speaker

HE English-US
[ Japanese-US
@B Japanese-Japan

100 4
90 4
80
70 1

6”

50 1

Percent Phonemes Correct

40

30 4

High/Low High/High Low/Low Low/High

Frequency/Density

Fig. 4 Percent of phonemes in words produced by the
native Japanese speaker that were correctly identified,
separated by listener group.

Tokyo Japanese listeners, since we have already learned
that the Minnesota English and the Minnesota Japanese
performed similarly. The listeners’ written responses
were converted to a phoneme equivalent using the
Carnegie-Mellon pronouncing dictionary. As with the
earlier analysis, vowel-plus-/t/ combinations were
treated as a single diphthongal vowel. Complex onsets
(i.e., clusters) were treated as a single unit and were
compared both to other clusters and to singleton
onsets.

First, let us look at confusion matrices for vowels.
Tables 2 and 3 are vowel confusion matrices for the
Minnesota English listeners hearing the English native
speaker and for the Minnesota English listeners hearing
the Japanese native speaker, respectively. As shown in
Table 2, the Minnesota English listeners did not have
any problem perceiving English vowels spoken by the
English native speaker. In contrast, as shown in Table 3,
for the words spoken by the Japanese native speaker,
the Minnesota English listeners were not able to recover
a postvocalic /r/ from the Japanese talker’s productions
of derhoticized /or/ and /ar/ in words like corn and part.
This is not surprising since the Minnesota English
listeners were from a rhotic dialect. Further, /o/ was
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Table 2 Vowel Confusion Matrix: Minneapolis English hearing English L1

a ® A ar | ar au el € i 1 o b) or | or u (V] 3 | other

a 86 9 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0
&® 0] 99 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
A 0 | 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ar 0 0 0] 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ar 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0
( au 0 0 0 0 0} 98 0 0 0 0 0 3 0 0 0 0 0 0
el 0 0 0 0 0 0| 98 0 0 0 0 0 0 0 0 0 0 2
€ 0 0 0 0 0 0 0 | 100 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 01 100 0 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0 0| 100 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0| 100 0 0 0 0 0 0 0
b) 1 0 0 0 0 0 0 0 0 0 0| 99 0 0 0 0 0 0
a1 0 0 0 0 0 0 0 0 0 0 0 0 | 100 0 0 0 0 0
or 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0
u 0 0 0 0 0 0 0 0 5 0 0 0 0 0 95 0 0 0
U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 91 0 9
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 98 2

often confused with /A/.

Tables 4 and 5 are vowel confusion matrices for the
Tokyo Japanese listeners hearing the English native
speaker and for the Tokyo Japanese listeners hearing
the Japanese native speaker, respectively. Tables shows
that for the Tokyo Japanese listeners, the vowels /a/,
/ar/, /9/, /or/, and /3-/ were hardest to perceive in words
recorded both by the English and Japanese native
speakers. These vowels occurred in the following
words, whose lexical characteristics are noted (HF=high
frequency, LF=low frequency, HD=high density,
LD=low density): /a/: job (HFHD), sock (LFHD); /ar/:
park, part (HFHD), cart (LFLD); /o/: call, fall, (HFHD)
lost, wrong (HFLD), boss, frog, wash (LFLD); /or/:
corn (LFHD), fork (LFLD); /3/: heard (HFHD), bird,
burn, hurt (LFHD). Further, the vowel /o/ was hard to
perceive in the words spoken by the Japanese native
speaker. A further analysis revealed that 72% of the
words with vowels that were overall hard to identify
were from dense neighborhoods.

The most accurately recognized vowels for the Tokyo
Japanese listeners were /ar/, /av/, /i/, /et/, /av/, v/ (/av/:
five, kind, smile, white (HFLD), hide, shine (LFHD);

/av/: house, mouth (HFLD), loud, mouse (LFLD); /i/:
peace, sheep (LFHD), cheese, teach (LFLD); /eV/: date,
face, lake, rate, save (HFHD), faith, safe (HFLD), cake,
nail, shake (LFHD); /oV/: choice, join, voice, (HFLD)
coin, noise (LFLD); /u/: foot, move (HFLD), noon,
soup (LFHD)). 58% of the words with accurately
identified vowels were from sparse neighborhoods
(74% excluding /ev/).

A x? test showed that well-recognized and poorly
recognized vowels by the Tokyo Japanese were not
distributed randomly among high- and low-density
words (x> ( df=1]=5.88, p=0.015). Therefore, it is difficult
to determine whether the apparent effects of neighbor-
hood density on Japanese listeners’ responses were due
to neighborhood density per se, or to the fact that the
specific high- and low-density words used in this study
happened to contain vowels that were intrinsically
difficult or easy to perceive.

Consonant confusion matrices for the Minnesota
English listeners hearing the English native speaker
and for the Minnesota English listeners hearing the
Japanese native speaker revealed that the Minnesota
English listeners did not have any problem perceiving
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Table 3 Vowel Confusion Matrix: Minneapolis English hearing English L2

a ® A ar ar au er € i 1 o 5 a1 or u J U 3 | other

a 59 0 41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
® 1 82 12 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 | 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
al 0 0 0] 98 0 0 0 0 0 0 0 0 0 0 0 0 0 2
ar 31 0 3 0 19 0 0 0 0 0 3 44 0 0 0 0 0 0
av 0 0 2 2 2 | 88 0 2 0 0 0 4 0 0 0 0 0 0
el 0 0 0 0 0 0 | 100 0 0 0 0 0 0 0 0 0 0 0
€ 0 12 0 0 0 0 3] 62 0 12 0 0 0 0 1 0 0 10
i 0 0 0 0 0 0 0 0| 84 16 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 2 0 2|1 95 0 0 0 0 0 0 0 0
o 2 0 6 0 0 0 0 0 0 0| 71 6 6 4 0 6 0 0
o 6 3 19 0 0 0 0 0 0 0 15 | 47 l 4 0 3 0 1
a1 0 0 0 0 0 0 0 0 0 0 0 0] 98 0 2 0 0 0
or 13 0 0 0 0 0 0 0 0 0 | 46 17 4 8 0 13 0 0
u 0 0 0 0 0 0 0 0 0 0 0 0 0 0! 95 0 2 2
§] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 100 0 0
3 5 0 0 0| 26 0 0 0 0 0 0 2 0 0 0 2| 62 2

consonants in the words spoken by the English native
speaker since /br/ was the only one which did not reach
to the 80% accuracy level, an effect that was driven
solely by some listeners misperceiving the word bring
as green. On the contrary, 8 out of 21 onset consonants
were perceived below the 80% accuracy level for the
words spoken by the Japanese native speaker. Conso-
nant confusion matrices for the Tokyo Japanese listen-
ers hearing the English native speaker and for the Tokyo
Japanese listeners hearing the Japanese native speaker
also revealed that the Tokyo Japanese listeners consis-
tently presented their difficulty perceiving /d/, /f/, /fr/,
/h, Ipl, /t/, Iv/, /Iwl in the words spoken by the English
and Japanese native speakers. This may indicate the
sound perception difficulty specifically for the second
language learners of English. In contrast to vowels, there
was no systematic relationship between consonant
errors and the lexical characteristics of the stimuli. The
consonant errors appeared to follow well-known differ-
ences between the languages’ phoneme inventories.

3.3 Relating Familiarity to Accuracy
The next analysis examined group differences in

rated familiarity of the words in the experiment, as well
as the relationship between familiarity and word-
recognition accuracy. First, we examined the influence
of word frequency and phonological neighborhood
density on familiarity ratings for the three groups.
Listeners’ ratings were submitted to a three-factor
mixed-model ANOVA, with frequency and density as
the within-subjects factors, and group as the between-

subjects factor. Significant effects of frequency
(F11,65]=91.4, p<0.001, nzpanial=0.58), density
(F[1,651=8.7, p=0.004, n*> _=0.12), and group

partial

(F12,65]=7, p=0.002, nzpamal:O.lS) were observed. In
addition, there was a significant interaction between
frequency and neighborhood density (F]1,65]=8.5,
p=0.008, nzpamaI:O.lO). As shown in Fig. 5, low-
frequency words were rated as less familiar than the
high-frequency words. Moreover, high-density words
were rated as less familiar than low-density ones,
though this tendency was only present for the low-
frequency words. Surprisingly, there was an inverse
relationship between English proficiency and perceived
familiarity: the least proficient speakers, the Tokyo
Japanese rated the items as most familiar.
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Table 4 Vowel Confusion Matrix: Tokyo Japanese hearing English L1

a x A al ar av €1 € i I (o] o] 3l or u V] 3 other
a 48 39 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0
x 0 76 6 0 0 1 1 6 1 0 0 0 0 0 0 0 6 1
A 17 9 69 0 0 3 0 0 0 0 0 3 0 0 0 0 0 0
ar 0 0 0 87 0 0 10 0 0 3 0 0 0 0 0 0 0 0
ar 3 6 18 0 55 0 0 0 0 0 0 12 0 6 0 0 0 0
av 0 0 0 0 0 89 0 0 0 0 5 2 0 5 0 0 0 0
el 0 3 0 0 0 87 0 7 3 0 0 0 0 0 0 0 0
€ 0 11 0 0 0 1 1 76 0 0 10 0 0 0 0 0 1 0
i 0 0 0 0 0 0 2 0 87 11 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 26 0 70 2 0 0 0 0 2 0 0
0 2 0 2 0 0 10 0 0 0 0 78 5 0 2 2 0 0 0
5 9 4 9 0 5 0 0 0 0 0 14 51 0 3 3 3 1 0
B} 0 0 0 0 0 0 0 2 0 0 0 0 98 0 0 0 0 0
or 18 0 0 0 0 0 0 0 0 0 5 9 0 45 0 23 0 0
u 0 0 4 0 0 0 0 0 0 11 0 0 0 0 85 0 0 0
U 13 0 0 0 0 0 0 0 0 0 0 4 0 0 4 78 0 0
3 2 9 0 0 19 0 0 0 0 0 0 0 0 2 2 9 57 0
We also examined the difference between average listeners, 33% (8/24) of the Minnesota Japanese listen-
familiarity ratings for real words (pooled across the ers, and 5% (1/22) of the Minnesota English listeners
four word types) and the nonword foils for the three had significant correlations between at least one of the
groups in the two-factor mixed-model ANOVA with recognition accuracy scores and rated familiarity. How-
lexicality (real word vs. nonword) as the within-subjects ever, inspection of these individual correlations showed
factor and subject group (Minnesota English, Minnesota that the listeners with these correlations were also those
Japanese, Tokyo Japanese) as the between-groups who were less accurate overall.
factor. Significant main effects were found for lexical-
i =2 2 = . .
ity (F11,65]=2265.7, p<0.001, n° ., 0.9.7), group 4. Summary and Discussion
(F12,65]=9.6, p<0.001, v’ ,.,=0.23), and an interaction
between them (F[2,65]1=3.83, p=0.027, nzpa wa=0-11). This study aimed to answer two questions. The first
As shown in Fig. 6, again, there was an inverse rela- question tried to reveal whether neighborhood density,
tionship between English proficiency and perceived word frequency, and/or word familiarity affect word
familiarity for both real words and non-word foils: the recognition in English with Japanese L1 speakers’
least proficient speakers, the Tokyo Japanese rated the acquisition of English as an L2. The second question
items as most familiar. invested whether apparent effects of phonological
The last analysis examined the association between neighborhood density can be attributed to the phonetic
familiarity and both word- and phoneme-recognition content of the stimuli rather than to lexical characteris-
accuracy. Spearman’s rho correlations were calculated tics. In order to answer these questions, a similar exper-
between rated familiarity and both word- and phoneme- iment in Imai et al. (2005) was conducted. The results
recognition accuracy for all 68 listeners, as one of the of this experiment provided following findings.
Tokyo Japanese listeners did not complete the familiar- Related to the first question, we found that indeed
ity task. Of these, 50% (11/22) of the Tokyo Japanese there were strong effects of frequency and neighborhood
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Table 5 Vowel Confusion Matrix: Tokyo Japanese hearing English L2

a x A al ar auv (1 € i I (¢} o] 21 or u (V] 3 other

a 57 9 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
@ 4 72 12 0 0 1 0 0 0 0 2 1 0 0 0 0 7

A 0 6 94 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
al 0 0 0 88 0 0 4 1 0 4 0 0 1 0 0 0 0 0
ar 22 22 17 0 6 3 3 0 0 0 8 14 0 3 0 0 3 0
auv 0 0 2 2 90 0 0 0 0 0 4 0 2 0 0 0 0
el 0 0 0 0 0 0 95 0 4 0 1 0 0 0 0 0 0 0
€ 0 7 0 0 0 0 2 70 1 N 2 0 0 0 5 1 1 4
1 0 0 0 0 0 0 0 0 87 13 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 2 4 93 0 0 0 0 0 0 0 0
o 5 0 0 0 0 7 0 0 0 0 63 14 2 7 2 0 0 0
b 9 17 7 0 0 1 0 0 0 0 19 43 0 1 1 1 0 0
o1 0 0 0 0 0 0 0 0 0 0 0 0| 100 0 0 0 0 0
or 4 0 4 0 0 0 0 0 0 0 25 17 4| 42 4 0 0 0
u 0 0 4 0 0 2 0 0 0 0 4 0 0 0 83 4 2 0
U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 100 0 0
3 7 4 4 0 20 0 0 0 0 0 9 9 0 0 2 9| 33 2

. . density on the performance of all three groups of

Familiarity Ratings listeners: beginning Japanese L2 English speakers liv-

ing in Tokyo, advanced Japanese L2 English speakers

7.0 1 B English-US living in Minnesota, and native English speakers living

68 - £ Japanese-US in Minnesota. However, there was no clear evidence for

' BB Japanese-Japan . . s .

66 an emerging ‘neighborhood competition’ effect in the
= Japanese learners of English. That is, we didn’t see a
§ 641 reduced competition effect in the Tokyo Japanese lis-
2 624 teners relative to the Minneapolis Japanese listeners
8 4 and the Minneapolis English listeners. Unlike in Imai et
= 60
g sg al., who did show a bigger discrepancy between high-
= and low-density words in more- and less-proficient
g 36 1 learners of English whose L1 was Spanish.

5.4 However, the results suggest there was at least one

50 confound in the stimuli that may have mediated these

50 4 results. As discussed in the methods section, the distri-

) bution of phonemes was not random across different

frequencies and densities. The distribution of onset
consonants differs marginally between high- and low-

High/Low High/High Low/Low Low/High

Frequency/Density density words. Vowel nuclei differéd significantly

Fig. 5 Average rated familiarity for the real words sepa- between h.igh- and’ lO\.)v-density words. The distribution

rated by word frequency and phono]ogica] neighborhood of codas differed Slgmﬁcantly as a function of both den-

density for the three groups of listeners. sity and, marginally word frequency. Moreover, unlike
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7 ..
B English-US
6 - 7 Japanese-US
B Japanese-Tokyo
g
= 5
~
£
= 4J
5
§ 31
=
2 .
1 =

Real Words Nonwords

Stimulus Type

Fig. 6 Average rated familiarity for real words (aver-
aged across all 80 words) and nonword foils, separated by
listener group.

Imai et al., we separated our groups based on location,
not on proficiency. This was done for expedience—we
are currently measuring the proficiency and we re-
analyze the data when we have these findings. Even so,
there is a high probability that effects of phonological
neighborhood density in this study were not attributed
to lexical characteristics.

Related to the second question, the phoneme accu-
racy results suggest that apparent effects of phonologi-
cal neighborhood density can potentially be attributed
to the influence of the phonemic composition of the
stimuli on listeners’ perceptions. Difficult sounds for
the listeners occurred more frequency in the words
from dense neighborhood than in the ones from sparse
neighborhoods, whereas easy sounds that were easy for
the listeners to perceive occurred more frequently in the
words from sparse neighborhoods than in the ones from
dense neighborhoods. The results clearly indicate that
L2 word recognition is highly dependent on listeners’
phoneme perception, which could lead to apparent
effects of the lexical properties for this stimulus set.

The results of this study suggest that we need a new
methodology for examining the relative contribution of
word- and phoneme-level representations on L.2 perfor-
mance. One possibility that we are currently examining
was inspired by the literature on word recognition in
individuals with hearing impairment. Studies of the
factors that affect word recognition in that population

have a problem that closely parallels that which we
faced: inaccurate of recognition of a word like soothe
can’t be unambiguously attributed to something like
low frequency of usage, as the component sounds in
this word—particularly the fricatives /s/ and /0/—are
often very difficult for listeners with even a mild
hearing impairment to perceive. One solution to this is
presented by Boothroyd and Nittrouer (1988, see also
Nittrouer and Boothroyd 1990 and Benki 2003). If
independent measures of word recognition accuracy
and recognition of the sounds that comprise these words
are taken, then log-linear models can be used to exam-
ine the discrepancy between actual word-recognition
accuracy and the accuracy that would be predicted
by listeners’ accuracy in perceiving the component
phones. Using this method, Nittrouer and Boothroyd
(1990) showed that young children’s measured word
recognition accuracy was very close to what would
be predicted from their perception of the phonemes
comprising the words, while older adults’ word recog-
nition was better than would be predicted by phoneme
recognition. This suggests that children do not robust
enough knowledge of the phonemic structure of words
to recognize words based on incomplete information.
Benki (2003) showed that phonological neighborhood
density and frequency affected adult listeners’ recogni-
tion of spoken words even when phoneme-perception
accuracy was controlled statistically. Applying Benki’s
method to the study of L2 acquisition will provide a
clearer picture of the relationship among L2 profi-
ciency, lexical factors, and spoken-word recognition
than the current methods allow.
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